The aim of this study was to assess the presence, width, and initial part of the mandibular incisive canal (MIC) 
Introduction
the anterior mandible is generally considered to be a safe area for surgery. however, the mandibular incisive canal (Mic), lingual vascular canals, and lingual concavity could be damaged during surgical procedures. this can lead to complications: neurosensory disturbances and hemorrhage in that area (1, 3, 5, 7, 8, 9, 12, 13, 14, 15, 16, 19, 20, 21, 23, 26, 27, 28, 30, 31, 32) .
the Mic is a bilateral canal that runs medially from both mental foramens (MF), between the lingual and vestibular cortical plates. the canal contains a neurovascular bundle which provides innervation to the lateral and central incisors, canine and mandibular first premolar.
the increasing rate of surgical interventions in the chin such as oral implants placement, bone grafting etc., emphasizes the practical significance of MIC, lingual vascular canals and lingual concavity. As part of this it is essential to pay special attention to finding the MIC, measuring, and describing it. This is very important especially in dental implantology in order to avoid sensory disturbances related to direct or indirect trauma (e.g. pressure by a hematoma inside the canal) (2, 6, 11, 14, 26) .
introducing cone beam computed tomography (cBct) in the dental practice gives the opportunity to visualize small bone structures with high spatial resolution and a low dose. there are few studies investigating the Mic by means of cBct (18, 24, 25, 29) but, to the best of our knowledge, none concern the initial part of the Mic.
the aim of the present study was to assess the presence, width and initial part of the mandibular incisive canal and its relation to the mental foramen, by means of cBct.
Materials and Methods
Patients the study included 140 cBct scans taken as a part of preoperative planning of implant placement. the group of patients consisted of 70 female and 70 male patients; mean age of 46.6 years (range 18 ± 79). All patients had given their informed consent for this examination.
Experimental procedures
All cBct scans (ilUMA™, imtec imaging, Ardmore, oK) were performed using a standard exposure and patient positioning protocol (120 KV, 40 s, 3.8 mA). the data were reconstructed at a voxel size of 0.3 mm.
MICs were identified and measured using Kodak Dental Imaging Software (KDIS 3D module v. 2.0) for visualization. Axial, panoramic, and reformatted cross-sectional images were carefully examined ( Fig. 1) .
For identification of the MIC and its initial part, an expert consensus statement (n = three experts in cBct interpretation)
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1 , Elitsa Deliverska 1 , Jermen indjova 1 , Maya Zhelyazkova was used as the gold standard because of the inherent limitations of a clinical observational study. Prior to the actual observations, a pilot study of 20 dry human mandibles was done. they were scanned and subsequently cross-sectioned at the level of the MF. these pilot observations revealed the presence of a true incisive canal in 33 out of 40 hemi-mandibles also found in the cross-sectional images.
the internal diameter of the canal opening was measured three times in different days by one observer experienced in DVT. The average values of the measurements were used for the analysis.
the beginning of the incisive canal was assessed in relation to the MF and allocated to one of two groups: type 1 or type 2. type 1 includes Mics starting before the opening of the MF and type 2 are those starting at the level of the MF, near to the vestibular surface (Fig. 2) .
Data and statistical analysis
All data were gathered and statistically analyzed by SPSS 16.0 (SPSS inc., chicago, illinois, USA). P-values of 0.05 or less were considered statistically significant.
Agreement between observers was reached by means of a majority decision (at least two of three observers agreed). Kappa statistics were applied for assessment of interobserver agreement. The kappa coefficient was interpreted as being poor (0) (17) .
Regarding the measurement of the incisive canal diameter, the intraobserver variations were expressed by the coefficients of variation (cV).
A two-tailed independent t-test was carried out to assess possible differences between genders, and a paired t-test to determine differences between the diameters on the two sides of the mandible.
Results and Discussion
Prevalence of MICs the analysis of the results showed that a Mic could be seen in 92.9 % of the cases (130 patients, 226 canals). in 68.6 % of the cases (96 patients) it was found bilaterally; and in 24. (34 patients), unilaterally. Kappa statistics showed excellent agreement for the identification of MICs as compared to the expert consensus statement. the kappa values were 0.86, 0.90, 0.77 (mean 0.84).
Width of MICs and prevalence of types of MICs according to the MF
The mean inner vertical diameter and standard deviation (SD) of Mics measured at the beginning were 1.44 mm ± 0.39 mm. the range for the measurements was 0.7 mm to 2.5 mm. the results of the two-tailed independent t-test showed significant difference between the internal diameters in males and females (p < 0.05). Males showed higher values than females, which was statistically significant. The mean values and SD of the diameter for males and females were 1.51 mm ± 0.41 mm and 1.36 mm ± 0.35 mm, respectively. the paired t-test showed significant difference between the left-and right-sided canals. the value for right canals was 1.48 mm ± 0.40 mm and for the left side was 1.39 mm ± 0.37 mm.
the majority of the Mics -86.3 % (n = 195), were found to begin before the MF opening (type 1); and the rest -13.7 % (n = 31 canals in 20 patients), at the level of the MF (type 2), near to the vestibular surface. type 2 beginning of the Mic was observed in 14.3 % of the studied patients (n = 20).
Intra-and interobserver agreement the kappa statistics indicated an overall score of 0.84 for the interobserver agreement for identification of the MICs and a somewhat lower score (0.64) for the interobserver agreement for the initial part of the Mics. these scores showed perfect agreement between observers for visualization of Mics and substantial interobserever agreement for the initial part of the beginning of the Mics. the intra-observer cV for the measurements of the incisive canal yielded very small values (an average score of 0.29).
Final remarks
the results of this study demonstrated a high degree of occurrence of MICs identified on DVT scans of the mandible. these data are in agreement with other observational studies (11, 18, 24) . Our study confirmed the high reliability of CBCT in the identification of fine structures (e.g. MICs).
A Mic with a large diameter could play an important role in successful osseointegration and prevention of postoperative sensory disturbances (4, 14, 24, 26, 27) . the diameter of the canal in our study reached a maximum of 2.5 mm. Simiar or only slightly different data have been reported by other authors. For example, obradovic et al. (22) found that the Mic ranged from 0.48 mm to 2.9 mm on cadaver mandibles; Pires et al. (24) observed diameters from 0.4 mm to 4.6 mm on cBct scans; diameters of 1.0 mm to 6.6 mm on cBct examinations were reported by Uchida et al. (29) . Differences in the study design, technical reasons (voxel size, differences between cBct devices), and individual peculiarities could be responsible for that. in the present study we found differences between the diametrers of the canal on both sides and also between genders. they differ from the results of other studies (11, 29) , which may be related to individual and racial characteristics. in 14.3 % of the studied cases, the Mic was found to start in close proximity to the MF and near to the vestibular surface. if such information is available to the clinician, it will be possible for the nevrovascular bundle in the canal to be saved. thus, a minimally invasive and optimal positioning of the implant can be achieved.
Conclusions
the results of this study showed that the Mic is an almost permanent finding on CBCT scans. In some cases it can reach up to 2.5 mm in diameter. the mean diameter was found to be 1.44 mm ± 0.39 mm. Mics in males and those in the right mandible are wider than in females and on the left side. in cases when the Mic begins close to the mental foramen (type 2) the lingual positioning of the implants could save the neurovascular bundle in the canal. All this would lead to better conditions for osteointegration and prevent eventual neurosensory disturbances.
